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SUMMARY
As part of the Hanford River Protection Project (RPP), the Savannah River Technology Center (SRTC) has conducted tests on the pretreatment and vitrification of a radioactive waste sample from Hanford Tank 241-AZ-102. The original, AZ-102 sample which was received at SRTC was characterized and filtered to remove entrained solids. 1 The sample was then passed sequentially through ion exchange columns containing SuperLig ® 644 and 639 resins for the removal of cesium and technetium ions (Tc removed as pertechnetate, TcO 4 -), respectively. 2 The cesium and technetium absorbed to the resins was then eluted to give separate eluate solutions containing relatively high concentrations of Cs + and TcO 4 -. According to the current plant design, the decontaminated Tank 241-AZ-102 sample and the eluate solutions will be subjected to separate evaporation and vitrification processes to give low-and high-activity waste glasses, respectively. This report describes evaporation testing of the Tc eluate solution derived from ion exchange processing of the Tank 241-AZ-102 sample with SuperLig ® 639 resin. The primary goals of the testing were to determine the volatility of technetium during evaporation and to confirm Tc eluate evaporation modeling results. Approximately 175 mL (32 ion exchange resin bed volumes) of Tc eluate solution were evaporated in a vacuum evaporator apparatus. The pressure and the temperature of the laboratory evaporator apparatus were selected to mimic the planned operating conditions for the full-scale eluate evaporation system 3 in the RPP waste treatment plant (RPP-WTP). The system was maintained at an absolute vacuum pressure near 1.09E+04 Pa (3.22 in. Hg) during the experiment. The evaporator pot was maintained at 47.8 ± 0.3 ºC and the primary and secondary condensers were operated at 40 and 10 ºC, respectively. The eluate was concentrated by a factor of 12.2 (based on analysis) to give a final volume of 15 mL. Very few insoluble solids were found in the concentrate even after cooling to room temperature (measured value: 0.032 wt. %). These results are consistent with preliminary modeling results for the Tank 241-AZ-102 eluate evaporation, which indicated that no solids would be observed in the eluate until evaporation to near dryness. The solution boiling point and system pressure are fairly consistent with the modeling results. The model predicted that an absolute vacuum pressure of 1.09E+04 Pa was required to boil the eluate at 50.0 ºC.
Cs-137 concentrations in the original eluate sample and the condensate were used to monitor the level of liquid entrainment to the primary condenser during the evaporation. A large Cs-137 decontamination factor of >7.65E+05 was observed, indicating that liquid entrainment levels were very low in this system. Analysis of Tc-99 concentrations in the original eluate and the condensate revealed a Tc-99 decontamination factor of >1.03E+06, which indicates that no significant volatilization of technetium occurs during eluate evaporation. These results were as expected based on the physical properties of known, caustic-stable Tc species.
These tests were performed following the quality assurance requirements of the Task Technical and Quality Assurance (QA) Plan, BNF-003-98-0301, 4 and were not subject to the QA requirements of the HLW repository program. All of the work scope defined in the Task Technical and QA Plan has been completed and is reported in this document.
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INTRODUCTION
Hanford Radioactive Waste materials have been categorized into four envelopes labeled A through D. 5 Envelopes A, B, and C contain primarily solubilized species with less than 2 wt. % entrained solids and are specified as Low-Activity Waste (LAW). Each envelope is defined based on compositional maximums of chemical and radioactive constituents. Envelopes A and B contain low concentrations of organic species and the primary form of technetium is pertechnetate ion (TcO 4 -). Envelope C contains higher levels of organic species and the technetium is primarily present in non-pertechnetate forms. (The presumed non-pertechnetate species are oxo-bridged dimers of the type, Tc 2 O 2 L 2 , where L = complexing ligands found in the tank waste, such as EDTA, DTPA, etc. The EDTA complex with technetium has been structurally characterized. 6 ) Envelope D is sludge solids that may contain residual LAW Envelope A, B, or C supernate and is referred to as High-Level Waste. Envelope D sludge is pretreated to separate soluble components by washing and leaching with sodium hydroxide solutions, followed by cross-flow filtration. The soluble fraction of the Envelope D sludge is mixed with the LAW solutions and processed to separate cesium, technetium, strontium and transuranic elements, as necessary to meet the product specification for low-activity waste glass. C to recover and re-use the water and concentrate the technetium eluate solution. 3 After being separately evaporated, the cesium and technetium eluate solutions are combined for interim storage before blending with pretreated HLW sludge for vitrification. The process is designed to produce a decontaminated, low-activity waste stream for vitrification into LAW glass and a concentrated eluate waste stream for blending with pretreated HLW and vitrification into high-activity glass.
Decontamination of a Hanford Envelope B Tank 241-AZ-102 sample was accomplished at the Savannah River Technology Center (SRTC) using ion exchange columns to remove cesium and technetium ions. 2 Elution of the columns was accomplished with 0.5 M HNO 3 (Cs) and water (Tc). The cesium eluate solution was evaporated and vitrified to yield a high activity waste glass. The technetium eluate (total volume: ~175 mL) was evaporated separately in a smaller evaporation apparatus, with the intent of determining technetium volatility during evaporation and confirming modeling predictions of boiling point and solids formation.
Tc volatility has been reported during evaporation of a 4 M nitric acid ion exchange eluate solution derived from processing of a Savannah River Site radioactive waste sample (total volume of sample evaporated: ~100 mL; : ~15 mg/L). 8 Only mild Tc volatility was reported based on the amount of technetium found in evaporator overheads (~3% of the total Tc), even after evaporation of the sample to near dryness.
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The current design plan for the Hanford River Protection Project (RPP) utilizes water for the elution of technetium from SuperLig ® 639 ion exchange columns. 10 The resulting technetium eluate solution is slightly caustic due to mixing of the eluate with the 0.1 M NaOH solution that is utilized to displace residual feed from the ion exchange columns prior to elution. In caustic solutions, technetium volatility is expected to decrease relative to acidic solutions due to the low volatility of alkali metal pertechnetates and the known caustic-stability of pertechnetate ion. 11 Any Tc volatility during eluate evaporation would almost certainly be attributed to some reduced and/or complexed Tc species. One possible mechanism for producing these Tc species could be interaction of pertechnetate ion with the ion exchange resin. Currently, there is no evidence that such species are produced by contact with the resin. In addition, no known volatile Tc species have been identified with significant stability and solubility in caustic solutions. It was, however, decided to conduct a small-scale experiment to confirm that no volatile Tc species exist which might reach evaporator overheads.
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Equipment and Materials
Glassblowers at SRTC prepared the evaporation apparatus. Figure 1 shows the evaporator design and approximate dimensions. A photograph of the actual apparatus (taken prior to small modifications noted in the figure caption) is shown in Figure 2 . The apparatus was primarily prepared from borosilicate glass tubing and included a small evaporator pot and two condensers (primary and secondary) arranged in sequence. The inner diameter and approximate volume of each of these vessels is given in Figure 1 . The graduations on each collection vessel were calibrated with water prior to starting the experiment. A sampling port was attached to the side of the evaporator pot. The liquid in the evaporator pot was continuously stirred throughout the experiment. Although the RPP-WTP evaporator does not include mixing of the technetium eluate in the evaporator vessel, the laboratory experiment included mixing to promote uniform heat transfer. The top to the evaporator pot, which included a vacuum gauge and a Cole-Palmer thermocouple, was attached using a Duran ® reaction flange clamp. The thermocouple probe extended down to within ~1 in. of the bottom of the vessel. A stainless steel wire mesh demister, supplied by Koch-Otto York™, which was approximately 3 in. in length was inserted into the tubing exiting the evaporator pot in order to limit liquid entrainment during operation. The evaporator pot was heated with a hot plate to promote boiling and the evaporator pot and the tubing leading to the primary condenser were insulated to minimize heat loss and aid the evaporation.
The condensate collection pots were attached to the primary and secondary condensers using Rudavis ground glass joints. A second thermocouple was attached to the primary condenser and the probe was positioned inside the condenser coil. The probe extended through approximately half the length of the coil but did not touch the glassware at any point. A second sampling port was located on the primary condenser collection pot. The primary condenser collection pot was stirred with a magnetic stir bar throughout the experiment. A vacuum line was attached to the secondary condenser pot and a VacuuBrand GMBH+CO MZ2C diaphragm pump was utilized to apply vacuum to the system. A bleed-in valve was used to adjust the vacuum pressure to the target value (1.09E+04 Pa absolute).
Teflon
® bushings were used for all glass-metal connections. Similar bushings were used to attach Tygon ® tubing to the condensers in order to pump heating and cooling water through the coils and the outer jackets of the condensers. A NesLab Coolflow DC-25 Dual Temperature recirculator was used to control the temperature of the condensers. The vacuum gauge and both thermocouples were calibrated prior to use. The sample ports were prepared from Whitey stainless steel ball valves. Swagelok fittings containing Supelco Thermogreen LB-2 rubber septa (diameter: 11 mm, thickness: 11/16 in.) were attached to the valves. Sampling was accomplished with 5 or 10 mL plastic syringes and stainless steel needles obtained from Fisher Scientific.
The Tank 241-AZ-102 Tc ion exchange eluate solution was obtained from ion exchange column experiments reported elsewhere. solution utilized for column elution, ∼92 % (32 bed volumes) was used for the evaporation. The remainder of the sample was used for analysis.
Procedures
Liquid entrainment levels were checked prior to conducting the test on the actual material by evaporating 200 mL of a 3.3 M NaNO 3 solution. The Na + decontamination factor (DF) calculated from analysis of the feed and condensate solution was 1.5E+05. The entire apparatus was then rinsed with deionized water and allowed to dry. Just prior to conducting the evaporation experiment with the actual material, the apparatus was assembled and leak-checked at an initial vacuum pressure of 1.16E+04 Pa absolute (3.42 in. Hg absolute). Based on a total system volume of 1200 mL, the leak rate was calculated to be 6.7 vol. %/hr (1.34 mL/min), which compares favorably with commercial vacuum evaporation systems (typical leak rate: 20 vol. %/hr). 12 The actual pretreated Tank 241-AZ-102 sample was then transferred to the evaporator pot and duplicate analysis samples were collected with syringes prior to starting the experiment. During the evaporation, the primary and secondary condensers were operated at 40 and 10 °C, respectively. The system vacuum was maintained at 1.09E+04 Pa absolute based on preliminary modeling results 13 which indicated that this pressure would result in a solution boiling point of 50 °C. The Tc eluate modeling results will be reported in a separate document.
14 These experimental parameters were determined based on the current plant design parameters for the Tc eluate evaporation. 3 Samples were collected during the evaporation by opening the sampling valve and inserting a needle through the septum and into the solution. Sufficient liquid volume could not be collected with the syringes without briefly reducing the system vacuum pressure. The entire sampling operation typically required 2-3 minutes per sample. Very little change was observed in the vacuum pressure after inserting the needles through the septa, which indicated that a sufficient seal formed around the needle to maintain the vacuum. Samples of the concentrated eluate were collected from the evaporator pot during the evaporation at ~1 hr intervals (total number of samples: 3). Samples were collected from the primary condenser collection pot during the evaporation at approximately the same time that samples were collected from the evaporator pot. Duplicate samples of the final concentrate and condensate were collected after the completion of the evaporation. The temperature in the evaporator pot increased during sampling due to the decreased vacuum pressure. However, the temperature rise never exceeded 5 °C and the temperature decreased to the original value each time after sampling was complete. Sample analysis results are shown in Attachments 1-5. All values reported have been corrected for sample dilution and dilution factors are provided. Feed and concentrate samples were 1-3 mL in volume and were diluted with 9-14 mL of deionized water prior to analysis (dilution factor range: 6-13). Condensate sample volumes were 5-10 mL and samples were submitted for analysis without dilution. The Analytical Development Section (ADS) at SRTC conducted all analyses.
Wt. % solids and total solids measurements were conducted on the final concentrate sample at the conclusion of the experiment in the following manner. Total solids content was determined by pipeting the liquid concentrate sample onto a quartz filter pad which had been pressed into a glass beaker and weighed. Volatile components were evaporated by heating the beaker to 115 °C. After allowing the beaker to cool, the residue was weighed. This cycle was repeated until a constant weight was obtained in two successive measurements. Insoluble solids were measured similarly, except that the sample was filtered and the filtrate was washed with DI water prior to cyclic drying to constant weight.
These tests were performed following the quality assurance requirements of the Task Technical and Quality Assurance (QA) Plan, BNF-003-98-0301, 4 and were not subject to the QA requirements of the HLW repository program. All of the work scope defined in the Task Technical and QA Plan has been completed and is reported in this document. . The major radioactive constituents were Cs-137 (0.285 µCi/mL) and Tc-99 (34.9 mg/L). (Note: Cesium levels in the Tc eluate were higher than expected due to incomplete removal of Cs during ion exchange treatment with SuperLig ® 644 resin. Consequently, the feed to the Tc ion exchange columns contained Cs and residual amounts of cesium were present in the Tc eluate, presumably due to incomplete feed displacement during post-feed column washing prior to elution.) The sample also contained ~16 mg/L Cr, which imparted a light yellow color to the solution. Based on Pressure, temperature, volume and sampling data for the experiment are provided in Table 1 . The average system pressure during the experiment was 1.09E+04 Pa absolute (3.22 in. Hg absolute) and the pressure varied by only ±7E+02 Pa (±0.2 in. Hg). The average evaporator pot temperature was 47.8 °C and the temperature varied by only ±0.3°C during normal operation. As discussed earlier, during sampling the evaporator pot temperature did rise slightly due to the decreased vacuum pressure. (Note: The evaporator pot temperatures (T1) in Table 1 represent steady-state conditions. The slight temperature increases that occurred during sampling are not represented in this data.) The average primary condenser temperature (T2) was 41.4 °C and the temperature varied by ±6.1 °C based on the primary condenser thermocouple readouts. The recirculator temperature readout was stable at 40 °C throughout the experiment, while the thermocouple readout (T2) varied depending upon the condensation rate. The volumes of solution reported for the evaporator pot during the experiment were approximate since the solution was actively boiling while readings were taken. All condensate volumes (V2) were corrected for the volume of samples collected. The sum of the evaporator pot volume and the condensate volume in Table 1 at each measurement time is typically near 170 mL, which accounts for >95% of the total sample volume. No liquid was observed in the secondary condenser collection pot throughout the experiment. The eluate boiling point does not appear to have changed as a result of increasing solution molality during the experiment as is indicated by the essentially constant evaporator pot temperature.
RESULTS AND DISCUSSION
Analysis results for the
Attachment 3 shows the analysis results for the evaporator concentrate and condensate samples during the experiment. Attachments 4 and 5 provide the characterization data for the final evaporator concentrate and condensate samples, respectively. As shown in Table 2 , concentration factors (CF) calculated from the Cs (gamma) and Tc (ICP-MS) analyses are generally consistent throughout the experiment. The average final concentration factor was 12.2. The final concentrate sample was reported to contain 0.032 wt. % insoluble solids, which approaches the minimum detection limit (0.022 wt. %). The measured total solids content of 5.49 wt. % approaches the calculated value of 6.48 wt. % (based on total mg/L of individual species analyzed). The original sample contained 49.9 µCi total Cs and 6.11 mg total Tc (based on an initial volume of 175 mL). The final concentrate (15 mL) contained 49.1 µCi Cs (98% recovery) and 6.68 mg Tc (109% recovery). No Cs-137 or Tc-99 was detected by either analysis technique in any of the condensate samples. Decontamination factors (DF) calculated for Cs and Tc are consistent and indicate that the overall decontamination factor may be >1E+06. Lower detection limits and higher initial concentrations resulted in higher calculated decontamination factors for the Tc-99 than were calculated for Cs-137 (although both are "greater than" values). A higher Cs-137 DF was calculated for the final condensate sample than for condensate samples 1-3 because more sample was available for analysis, which resulted in a lower detection limit for this sample. The condensate was slightly acidic (pH: 4.3, Attachment 5), presumably as a result of absorption of atmospheric carbon dioxide. 
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